Crystals of o-nitrophenol, C6HsNO3, are monoclinic, space group P2~/a with cell dimensions a = 6.876 (5), b = 14.389 (7), c = 6.439 (3)/~,, p = 103.79 (6) ° and Z = 4. The structure was solved by a direct method and refined by the full-matrix least-squares method to a final R value of 0.071 for 726 diffractometercollected reflexions. The O...O intramolecular hydrogen-bond distance between the hydroxyl and nitro groups is 2.602 ,~. The o-quinonoid structure contributes remarkably to the overall resonance state of the molecule.
Introduction
As part of the studies on substituted o-nitrophenols, the crystal structure analysis of o-nitrophenol was undertaken in order to elucidate the geometry of the intramolecular hydrogen bonding. It has been shown that the phenolic C-O(H) bond lengths are correlated with the acidic strength (pK a values) (Andersen & Andersen, 1975) . The pK a value (7.23; Brown, McDaniel & H~ifliger, 1955) of o-nitrophenol is higher than those of the other substituted o-nitrophenols for which structures have been determined so far (Iwasaki, Sato & Aihara, 1976; Iwasaki & Kawano, 1977; Kagawa, Kawai, Kashino & Haisa, 1976) . It is also interesting to examine the relations between the geometrical structure of the molecule and the acidity of the substance.
Experimental
The crystals were grown from a cyclohexane-benzene solution of commercially available o-nitrophenol. They are yellow pillars elongated along the a axis. Most of the crystals were twinned on (001). An untwinned crystal was used for the intensity measurements. Since the crystal sublimed rapidly all X-ray data were obtained with the specimen enclosed in a thin glass capillary.
Crystal data
M r = 139.11, monoclinic, P21/a , a = 6.876 (5), b = 14.389(7), c = 6.439 (3) ,~, fl = 103.79 (6) ° , U = 618.7 A 3, Z = 4, D x = 1.494, D m = 1.46 gcm -3.
Intensity data were collected on a Rigaku automatic four-circle diffractometer, using Mo Ko radiation monochromatized with a graphite monochromator. An oJ--20 scan technique was used to obtain intensities. with a scan width of Ao9 = 1.0 ° + 0.5 ° tan 0 and scan speed of 4 ° rain -I in 20. Background was counted for 10 s at both ends of the scan range for each reflexion. The intensities of three standard reflexions, measured after every 50 reflexions, decreased over the period ot the data collection. Their final intensities were 75% ot the original values. The data were corrected fo~ decomposition of the crystal. 726 reflexions in the range 20 < 60 ° had IFol >_ 3a(Fo) and were considered as observed reflexions.
Structure determination
The structure was solved by a direct method. The H atoms were located from a difference Fourier synthesis. Full-matrix least-squares refinement with anisotropic temperature factors for non-hydrogen atoms and with isotropic temperature factors for H atoms gave a final Fukuhara, 1967) . The final atomic parameters are listed in Table 1 .*
Results and discussion

Molecular packing
The arrangement of the molecules in the crystal is shown in Figs. 1 and 2. Intermolecular contacts less than 3.60/k are listed in Table 2 . The molecules related by the a-glide symmetry are stacked to form a column along the a axis. The plane of the molecule makes an angle of 86 ° with the a axis. The average interplanar spacing is 3.43 A. The overlapping of the aromatic rings is considerable. Such an arrangement can be compared with those of weak zr-zr molecular complexes (Kumakura, Iwasaki & Saito, 1967 that of salicylaldehyde but is not strictly isomorphous. The molecular position of salicylaldehyde is shifted by (0.6, 0, -0.3) A from that of o-nitrophenol. The interplanar distance in o-nitrophenol is shorter and the intercolumn packing is somewhat different from that of salicylaldehyde. A molecular-packing analysis (Williams, 1969) was tried for o-nitrophenol. By minimizing the lattice energy, the molecular packing obtained was found to be quite close to that of salicylaldehyde: the shift of the molecule from the actual structure of o-nitrophenol was (0.6, -0.3, -0.4) A. From this model the actual structure could not be obtained by the standard least-squares method. 
Table 4. Bond distances (A) and angles (o)
Bond lengths in parentheses are values corrected for the thermal motion.
C(1)-C(2) 1.396 (7) (1.408) C(1)-C(6) 1.384 (8) (1.389) C(2)-C(3) 1.393 (8) (1.400) C(3)-C(4) 1.365 (9) (1.370) C(4)-C(5) 1-373 (9) (1.380) C(5)-C(6) 1.354 (9) (1.360) C(1)-O(1) 1.339 (7)(1.343) C(2)-N 1.456 (7) (1.464) N-O(21) 1.234 (6) (1.240) N-O(22) 1.204 (7) 
Molecular structure
The molecular motion has been analysed in terms of rigid-body vibrations (Schomaker & Trueblood, 1968) . Some rigid-body thermal parameters of the molecule are given in Table 3 . The bond lengths and angles are listed in Table 4 . The least-squares plane of the benzene ring is given in Table 5 .
The hydroxyl group is linked to O(21) of the o-nitro group forming an intramolecular hydrogen bond. O(1)...O(21) is 2.602 A. It has been observed that the  O-H stretching frequency bands, v s, occur at about  3250, 3270 and 3095 cm -1 (KBr disc) in o-nitrophenol,  2,4-dinitrophenol and 2,6-dinitrophenol respectively  (Aihara, Hirai & Fukushige, 1977) 0.003/~. The dihedral angles between the benzene ring and the planes of the substituents are 1.72 ° for the hydroxyl group and 1.58 ° for the nitro group. The average C--C bond distance in the benzene ring is 1.385 ,/k. C(1)-C(2) (1.408 /~) is significantly longer and C(3)-C(4) (1.370 A) and C(5)-C(6) (1.360 A) are shorter than the normal C-C bond length in benzene. The geometry of the benzene ring and of the intramolecular hydrogen bond is very close to those found in other substituted o-nitrophenols (Iwasaki & Kawano, 1977) . The short phenolic C-O distance, 1.343 A, is similar to the corresponding value in 2,4dinitrophenol, but is shorter than the value expected from a pK,, value of 7.23 (Brown et al., 1955; Andersen & Andersen, 1975; Kagawa et al., 1976) . In Fig. 3 , the solid line shows the correlation between the phenolic C-O(H) bond lengths of phenols and the pK a values, as represented by Kagawa et al. (1976) . It can be seen that the C-O lengths of o-substituted phenols, with intramolecular hydrogen bonding, deviate from this line; the change of the C-O lengths vs the pK o values seems to be less than that for other phenols as shown by the broken line.
The o-quinonoid structure of the benzene ring contributes remarkably to the overall resonance state of the molecule. Fig. 4 shows the 7r-bond orders calculated by the CNDO/2 method vs the C-C bond lengths of the benzene rings observed in some o-nitrophenols. A significant departure from hexagonal symmetry of the .. z3*f ",7
1.30 ' ' 0 5 10 pK~ (1) Picric acid 0r-molecular complex with anthracene, Herbstein & Kaftory, 1976) .
(2) 2-Bromo-4,6-dinitrophenol (Neustadt & Cagle, 1975) .
(3) 2-Chloro-4,6-dinitrophenol (Andersen & Andersen, 1975) . (4) 2,6-Dinitrophenol (Iwasaki, Sato & Aihara, 1976 ). (5) 2,4-Dinitrophenol (Iwasaki & Kawano, 1977) . (6) 2-Nitro-4-chlorophenol . (7) o-Nitrophenol (present study). (8) 2-Hydroxy-3-methoxybenzaldehyde (Iwasaki, Tanaka & Aihara, 1976) . (9) Salicylic acid (Bacon & Jude, 1973) . The pK a values were taken from the tables of Brown el al. (1955) and Kagakubinran (1966) .
